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Abstract 
Complete activation of human lmmunodeficlency virus type 1 (HIV-l) reqmres the endoproteolytlc leavage by cellular protease of the envelope 
glycoprotem precursor (gp160) mto the external glycoprotem gpl20, and the transmembrane glycoprotem gp41. We report here the effect ofdepletIon 
of cellular calcmm Ions on maturation of precursor gpl60 and Its concomitant effect on syncytmm formatlon We show that the cellular endoprotease 
activity responsible for gp160 maturation and the capacity for HIV-l to induce syncytmm formatlon are calcmm-dependent In addition, we show 
that endoproteolytlc maturation IS a key step m syncytmm formatlon induced by HIV-l 
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1. Introduction 
One of the consequences of HIV-l mfectlon m vitro 1s 
the formation of multmucleated giant cells resulting 
from cell-to-cell fusion [ 1,2]. Envelope glycoprotem 
gpl20 has been shown to interact with the CD4 molecule 
of the target cells to mltlate the process of infection [3-51, 
while gp41 mediates the fusion of viral and cellular mem- 
branes [W] Endoproteolytic cleavage of gp160 mto 
gp120 and gp41 occurs mslde the cell, probably m the 
Golgl complex [9, lo]. The nature and intracellular local- 
ization of the host cell endoprotease involved in the proc- 
essing of gpl60 remam speculative Maturation of gpl60 
has been shown to be an essential step for HIV mfectlvlty 
[1 I-131 The cleavage site has been identified m a cluster 
of basic ammo acids localized between Arg”* and AlasI 
McCune et al. [l I] reported that removing the trypsm- 
like endoproteolytlc cleavage site by site-directed mut- 
agenesis (Arg-Glu-Lys-Arg’” to Gly-Glu-Glu-Phe) gen- 
erated blolo@cally inactive particles, morphologically 
slmdar to mfectlous particles as shown by electron ml- 
croscopy More recently, Hallenberger et al. [14] demon- 
strated that the proteolytlc processmg of HIV-l gp160, 
and consequently the formatlon of mfectlous vu-us, can 
be abolished by using specific peptlde mhlbltors. These 
results indicate that the endoproteolytic cleavage of 
gp160 IS an essential activation step for the blologlcal 
*Correspondmg author Fax (33) 91 65 75 95 
activity of HIV-l The consensus cleavage recogmtlon 
sequence site, Arg-X-Lys/Arg-Arg, 1s shared with a num- 
ber of viral glycoprotem precursors This cleavage site IS 
present in the specific substrate of furm, a KexZhke 
protease [15,161. Recent studies suggest that the calcmm- 
dependent mammalian furin [17] correctly cleaves mflu- 
enza virus hemagglutmm precursor [18], Newcastle dls- 
ease virus glycoprotem [19], and precursor gp160 of 
HIV-l [14] In light of the work of Dlmltrov et al. [20], 
who showed that calcmm ions are required for cell-to- 
cell fusion, and m order to explain this effect at the 
molecular level, we show that cleavage of the precursor 
envelope glycoprotem (gp160) mto gp120 and gp41 m 
HIV-l infected cells 1s inhibited by calcium ion depletion, 
leading to the formation of immature viral particles un- 
able to induce multmucleated giant cells 
2. Materials and methods 
2 I Vu-us and cells lutes 
Wdd type HIV-l LAV,,, was obtamed from Dlagnostlcs Pasteur 
(Mames-La-Coquette, France) as a supematant from Infected CEM 
cells contammg lo5 tissue culture mfectlve doses (TCID) per ml 
Human cells of the CEM clone 13 (CEMl3), denved from the CEM 
hne, and MOLT-4 (Amencan Type Culture CollectIon, Rockvdle, Md) 
were grown at 37°C m a humldlfied atmosphere with 5% CO, m RPM1 
1640 culture medmm (Flow Laboratories, Irvme, Scotland) contammg 
10% fetal calf serum supplemented with 1% glutarnme and 1% pemcd- 
hn-streptomycm (GIBCO Laboratones, Paisley, Scotland) 
2 2 HIV-I ufectwrty assay 
CEM cells were Infected with HIV-l LAV,,, lo4 TCID of virus m 
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100 ~1 were added to 10’ CEM cells suspended m 1 ml of RPM1 1640 
and incubated for 2 h at 37°C The cells were then washed twice m 
culture medium and cultured at 0 5 x 106/ml m complete RPM1 1640 
medium After five days, infected CEM cell9 were radlolabelled or 
tested for syncytmm formation with fresh MOLT-4 cells 
2 3 Srnc~trurn formation assay 
This was doned m 12-well plates by cocultivmg 0 2 x lo6 HIV-l/ 
infected CEM cells with 0 8 x lo6 MOLT-4 cells m 1 ml of complete 
RPM1 1640 medmm or m calcium-free RPM1 1640 medium (J Blo, 
Pans, France) containing lonophore A23187 at various concentrations 
Cells were incubated m a CO2 incubator at 37°C for 24 h, and the 
number of multmucleated aant cells m each well was scored by mlcro- 
scoplc examination 
2 4 Ionophore studies 
Ionophore A23187 was purchased from Calblochem (Meudon, 
France) and stored as a 1 mM stock solution m &methyl qulfoxlde 
(DMSO) The processing of gp160 was examined by analyzing viral 
radlolabelled protems produced m HIV-l infected CEM cells cultured 
m RPM1 1640 medium lacking calcium chloride and in presence of the 
lonophore at various concentrations 
2 5 Radtolmmunopreccpltatlon assay (RIPA i 
The processing of gp160 m the presence or absence of calcium ions 
was examined by growing cells m complete culture medium or m cal- 
cium-free RPM1 1640 medium and with lonophore A23187 at the 
mchcated concentrations The cells were pulsed for 12 h with 100 ,uC~ 
per ml of radlolabelled [“S]metluomne-cystelne (Trans Label, ICN, 
Costa Mesa, CA) and incubated m unlabelled medium for 4 h Cells and 
supernatants were separated by centnfugation at 12,000 rpm for 10 
mm The cell pellet was washed three tirneq m ice-cold phosphate- 
buffered saline (PBS) A soluble cellular lysate was prepared by dlsrupt- 
mg the cells with 200~1 of RIPA buffer (0 15 M NaCl, 20 mM Tns HCl. 
pH 7 4, 1 mM phenylmethylsulfonyl tluonde, 1% Tnton X-100) The 
lysate was clanfied by centrifugmg at 15,000 rpm for 15 mm Viral 
glycoprotems obtained from the lysates of cells or cell-free virus (pres- 
ent m the supernatant of cell culture) were lmmunopreclpited with 
rabbit anti-gpl60 prepared m our laboratory as described by Beqouad 
et al [21] Immune complexes were separated with protein A-Sepharose 
beads (Pharmacia, Uppsala, Sweden) after an overnight mcubation at 
4°C Viral glycoprotems were analyzed by polyacrylamlde gel electro- 
phoresls (SDS-PAGE) Before loadmg on the gel, samples were boiled 
for 5 mm at 110°C with SDS (2%) and /I-mercaptoethanol(2%) Gels 
were fluorographed to vlsuahze [35S]metluonme/cysteme-labelled pro- 
teins 
2 6 Measure of wral production m the supernatants of infected cells 
Reverse transcnptase assay (RT) activity was measured by the mcor- 
poratlon of t3H] thynuchne (Amersham) as previously described [22] 
3. Results 
3 I Effect of cell calcium depletion on proteolytlc 
processmg of precursor gp160 
The effect of calcmm ions on the synthesis of HIV-l 
glycoprotems m infected cells was determmed as follows 
HIV-l infected CEM cells were radlolabelled with 
[35S]methlonlne-cysteme for 12 h m complete culture me- 
dium or m calcmm-free RPM1 1640 medmm containing 
the calcium specific lonophore A23 187 at 100 nM After 
radlolabelhng, proteins were lmmunopreclplted with a 
polyclonal anti-gp160, which also cross-reacts with 
gp120, and where separated by SDS-PAGE In normal 
condltlons (presence of calcmm Ions and absence of 
lonophore A23 187), both precursor gpl60 and Its cleav- 
age product gp 120 were specifically lmmunopreclpltated 
m the cell lysate (Fig 1, lane 1). In these condltlons, and 
taking mto account label intensity, the bands of precur- 
sor gp160 and gp120 are present m the same ratio 
(gp16O/gp120 = 1) In these normal condltlons and as 
expected, only a band correspondmg to gp120 was de- 
tected m the viral lysate, while the band correspondmg 
to precursor gp160 was not detected (Fig 1, lane 2) The 
specificity of lmmunopreclpltated vu-al glycoprotems 
was assessed with cellular and viral lysates by using a 
rabbit prelmmune serum In these condltlons, no bands 
correspondmg to gp160 and gpl20 were detected (Fig 
1, lanes 3 and 4) 
When infected CEM cells were labelled with 
[35S]methlonme-cysteme for 12 h m calcmm-free culture 
medium m the presence of 100 nM of lonophore A23 187, 
however, simple visual mspectlon (Fig. 1, lane 5) shows 
a significant increase of the gp1601gp120 ratio (gp1601 
gp120 > 1) m the cell lysate as Judged by the intensity of 
the correspondmg bands Moreover under these condl- 
tlons, the analysis of the cell-free culture supernatant, 
containing viral particles, clearly shows the presence of 
uncleaved gp160, which appears to be associated with 
viral particles (Fig 1, lane 6) On the other hand. m the 
presence of calcium ions, precursor gp160 was undetect- 
able (Fig 1, lane 2) Furthermore, we found that addl- 
tlon of calcium ions to the medium completely restored 
cleavage efficiency (data not shown). 
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Fig 1 Effect of calcmm depletion of infected CEM cells on gp160 
proteolysls Profile of viral glycoprotems from HIV-l mfected cells m 
presence of A23187 HIV-1 infected CEM cells were radlolabelled with 
100 ~0 per ml of [35S]methionme/cysteme for 12 h m RPM1 1640 
medium (lanes 1,2,3 and 4) or m RPM1 1640 medium without calcium 
and with 100 nM A23187 (lanes 5 and 6) The labelled cells and the 
culture medium were collected and lysed with lysls buffer Culture 
supernatants and cell lysates were lmmunopreclpltated with anti-gp160 
(lanes 1, 2. 5 and 6) or with prelmmune rabbit serum (lanes 3 and 4) 
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3 2 Cahum IS required for syncytlum formation 
Calcium-free RPM1 1640 medmm containing A23 187 
at various concentrations was tested m order to examine 
the effect of calcium ions m syncytium formation and 
vu-us replication In standard conditions, HIV-l infected 
CEM cells formed syncytia withm 24 h when co-cultured 
with MOLT-4 cells (Table 1). After treating HIV-l m- 
fected cells with A23187 concentrations equal to or 
higher than 10 nM, however, the number of syncytia 
decreased m a dose-dependent manner (Table 1). This 
shows that depletion of calcmm ions abolishes neither 
the synthesis nor the expression of precursor gp160, 
which contmues to interact with the CD4 receptor as 
Judged by formation of cell aggregates (Fig 2). Further- 
more, viral-associated reverse transcnptase activity from 
HIV- l/infected CEM cells propagated m calcmm-free 
RPM1 1640 supplemented with the ionophore A23187 
(10, 25, 50 and 100 nM) was similar to that m infected 
cells cultured m normal medium (Table 2) This mdicates 
that calcmm depletion did not seem to affect virions 
production. 
4. Discussion 
The analysis of radiolabelled viral proteins from HIV- 
1 infected CEM cells by one-dimensional gel electropho- 
resis, has shown that gp160 is cleaved mto gp120 and 
gp41 m the presence of calcmm ions. In contrast, when 
radiolabelhng was m calcmm-free medium and m the 
presence of the calcmm-specific ionophore A23187 at 
100 nM, on the other hand, the endoproteolytic process- 
mg of HIV-l gp160 was significantly reduced. More m- 
terestmgly, depletion of calcium ions affected the ability 
of HIV-l to induce cell-to-cell fusion. 
The present results clearly show that calcmm ions de- 
pletion results m a significant decrease of gp160 process- 
mg as Judged by the increase of the gp16O/gp120 ratio m 
the cell extract. Simultaneously, the analysis of viral ly- 
sates showed the presence of precursor gp160, probably 
associated with the vu-al particles as previously shown by 
McCune et al. [l l] and by Hallenberger et al [14] These 
results show that calcium ions depletion abolishes nei- 
Table 1 
Effect of calcmm lonophore on syncytmm formatlon 
A23187 Concentration (nM) Syncytla, 
No per field 
None (control) ~ 
DMSO alone _ 
10 
50 
100 
160 
158 
15 
2 
0 
The number of syncytla per field was scored by mlcroscoplc examma- 
tlon In the control, the same volume of DMSO (10 ~1) as used to 
solubdlze the lonophore A23187 was added alone m the co-culture 
Fig 2 Effect of calcmm ions on syncytmm formatlon CEM cells were 
infected with HIV-l, washed ulth calcmm-free RPM1 1640 medium 
and co-cultured with MOLT-4 cells m RPM1 1640 urlth calcmm ions 
(A) or without calcium m the presence of lonophore 10 nM A23 187 (B) 
The photomlcrographs were taken 24 h after co-culture at 37°C m a 
CO, Incubator 
Table 2 
Reverse transcnptase actlvlty detected m the cell-free culture superna- 
tant after HIV-l infection of CEM treated with DMSO or A23187 for 
24 h 
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ther the synthesis nor the expression of precursor gpl60, 
which continues to interact with the CD4 receptor, as 
Judged by the formatron of cell aggregates. This observa- 
tion indicates that syncytmm formatron depends on fu- 
sron-competent envelope glycoprotem. Precursor gpl60 
must be cleaved mto gpl20 and gp41 m order to generate 
the fusion-active region included m the N-terminal part 
of gp41. 
Our data are m good agreement with those of Hallen- 
berger et al. [14], who clearly established that mhibmon 
of gpl60 cleavage by furm interfered with the formatton 
of mfecttous particles As postulated for the proteolytrc 
acttvatron of influenza virus hemagglutimn [23] and the 
precursor gB from human cytomegalovn-us [24], we may 
assume that A23 187 interferes with the proteolyttc cleav- 
age of gp 160, probably directly by mactrvmg the process- 
mg enzyme vta calcium depletion of the host cell, conse- 
quently blocking the initiation of cell-to-cell fusion medr- 
ated by the transmembrane nvelope glycoprotein gp41. 
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